The leucine zipper transcription factor TSC-22 (TGF-b1 Stimulated Clone-22) was ®rst isolated from a mouse osteoblast cell line as an immediate-early target gene of TGF-b1. However, work with other cell lines, as well as with a Drosophila homolog, bunched, suggests that it is an effector gene of various growth factors and potentially involved in the integration of multiple extracellular signals. Throughout mouse embryogenesis TSC-22 is expressed in a dynamic pattern. Although early TSC-22 expression is ubiquitous in 6.5 day embryos, as development proceeds TSC-22 expression is upregulated at sites of epithelial-mesenchymal interactions such as the limb bud, tooth primordiurn, hair follicle, kidney, lung, and pancreas. TSC-22 is also expressed in many neural crest-derived tissues including the mesenchyme of the branchial arches, the cranial, dorsal root, and sympathetic ganglia, as well as the facial cartilage and bone. Other areas of expression are the otic and optic vesicles, the heart, and cartilage and bone forming regions throughout the embryo. q
Results
TSC-22 is a putative transcription factor which was ®rst isolated from mouse osteoblasts as an immediate-early response gene of TGF-b1 (Shibanuma et al., 1992; Ohta et al., 1996) . Subsequent work in other cell lines indicated that TSC-22 transcription can be upregulated in response to multiple extracellular factors including epidermal growth factor (EGF), follicle stimulating hormone (FSH), and progesterone (Shibanuma et al., 1992; Hamil and Hall, 1994; Kester et al., 1997) . The protein sequence is conserved between mammals and¯ies; its essential role in y development suggests that TSC-22 is an effector gene that integrates multiple extracellular signals (Treisman et al., 1995; Dobens et al., 1997) . Previous studies of human TSC-22 expression by Northern analysis indicates that TSC-22 is expressed in most adult tissues as well as in the fetal heart, brain, lung, liver, and kidney (Jay et al., 1996; Ohta et al., 1996) . A similarly wide distribution of TSC-22 transcripts has been reported in adult mice and rats (Shibanuma et al., 1992; Hamil and Hall, 1994) .
To initiate studies of TSC-22 function during vertebrate development, we examined its expression during mouse embryogenesis. Analysis of staged mouse RNA samples by RT-PCR revealed that TSC-22 is expressed at least as early as 6.5 dpc and continues to be expressed until birth. At 6.5 dpc, TSC-22 transcripts are detected in the ectoderm (embryonic and extraembryonic) as well as the visceral (extraembryonic) endoderm which will form part of the yolk sac (Fig. 1A) .
In situ hybridization performed on whole and sectioned embryos revealed a highly dynamic expression pattern of TSC-22 during mouse development. At 6.5 days of mouse development, TSC-22 is expressed in both the embryonic and extraembryonic regions (Fig. 1B) as well as in the outer region of the decidua, with highest levels on the mesometrial side (top, Fig. 1B inset) . In transverse sections, TSC-22 is most strongly detected in the embryonic ectoderm and at lower levels in the visceral endoderm (data not shown). As development progresses (7.5 dpc), TSC-22 is expressed throughout the embryo as well as in extraembryonic tissues such as the yolk sac, amnion and allantois (Fig. 1C) . Within the decidua, TSC-22 expression moves closer to the concep- .5±12.5 dpc embryos; YS 13.5 d, 13.5 dpc yolk sac; ecto., 6.5 dpc ectoderm (both embryonic and extraembryonic regions); endo., 6.5 dpc visceral (extraembryonic) endoderm. (B) In situ hybridization detecting TSC-22 transcripts on a sagittal section of a 6.5 dpc mouse embryo embedded with the surrounding decidua. Inset shows the same embryo with the entire maternal decidua. (C±E) Whole-mount in situ hybridizations of 7.5, 8.5 and 9.5 dpc mouse embryos, respectively. Embryos are oriented with anterior to the left. (F) Transverse section of the head region of a 9.5 dpc embryo. (G,H) sagittal sections of 9.5 dpc mouse embryos.
(I±K) Whole mount in situ hybridizations of dissected 10.5, 12.5, and 14.5 dpc mouse limbs, respectively. al, allantois; am, amnion; bam, branchial arch mesenchyme; drg, dorsal root ganglion; emb, embryo; h, heart; lb, limb bud; Ip, lens placode; nf, neural folds; op, optic vesicle; ot, otic vesicle; vt, ventricle; ys, yolk sac.
tus, forming a loose circle around it (data not shown). At 8.5 dpc, TSC-22 transcripts are mainly detected in the anterior portion of the neural folds and the trunk region of the embryo. In the neural folds, TSC-22 is speci®cally expressed in pros-, mes-, and metencephalon, whereas it is absent from the myelencephalon (Fig. 1D ). In the trunk region of 8.5 dpc embryos, in situ hybridizations on sectioned embryos indicate that TSC-22 is expressed in the neural tube and the somitic mesoderm (data not shown). At later stages of development, TSC-22 expression .5 dpc embryo hybridized with TSC-22 and BMP4 antisense RNA probes, respectively. cm, condensing mesenchyme; drg, dorsal root ganglia; epi, epidermis; fe, femur; fg; facial ganglion; hg, hind gut; ki, kidney; mb, metatarsal bone; md, mullerian duct; mt, metanephric tubule; no, notochord; nt, neural tube; ov, ovary; pp, pancreatic primordium; tg, trigeminal ganglion; tm, tooth mesenchyme; tp, tooth primordium; ur, ureter; vb, vibrissae of fronto-nasal region.
follows a very dynamic pattern. Although low levels of TSC-22 expression are observed in many tissues, elevated levels can be detected in speci®c regions of certain tissues. At 9.5 dpc, expression is strongest in the developing eye, otic vesicle, dorsal root ganglia, developing limb bud but is also detected throughout the central nervous system and the heart (Fig. 1E) . Interestingly at 9.5 dpc, TSC-22 is restricted to the outer portion of the optic vesicle, which is in direct contact with the surface epithelium, or lens placode. Expression is also increased in the lens placode relative to adjacent surface ectoderm (Fig. 1F) . A similar pattern of expression was observed in the otic vesicle, although expression may be at lower levels overall in this tissue (Fig. 1G,H) . Expression of TSC-22 is also observed in the mesenchymal portion of the branchial arches (Fig. 1G ) as well as in individual head mesenchyme cells that are in close proximity to cephalic vesicles (arrows; Fig. 1F,H) . In the developing limb bud, TSC-22 expression becomes apparent as early as 9.5 days of development and continues to be expressed until at least 15.5 dpc. Initially, TSC-22 appears to be uniformly expressed throughout the limb mesenchyme ( Fig. 1E ) but as development proceeds, expression becomes elevated in the progress zone (Fig. 1I ,J) and the joint forming regions of the limb (Fig. 1K ). In addition, TSC-22 expression becomes apparent in a dotted pattern in the skin which is consistent with TSC-22 expression in condensing hair follicles (Fig.  1K ). At 13.5 and 17.5 dpc, TSC-22 expression is detected throughout the neural tube although more intensely in the alar region ( Fig. 2A) . Expression is also apparent in dorsal root ( Fig. 2A ) and facial ganglia (Fig. 2H ) and is particularly strong in the trigeminal ganglia (Fig. 2G) . TSC-22 is expressed in the notochord and many areas of the gut epithelium like the hindgut (Fig. 2B) , as well as the oesophagus and the stomach (data not shown). TSC-22 expression is also detected in cartilage primordia throughout the body, particularly in the developing limb (Fig. 2E,F) and facial cartilage and bone (data not shown). Other areas of TSC-22 expression are the ovary and Mullerian duct (Fig. 2D) , the condensing mesenchyme of the kidney (Fig. 2C) , pancreas (Fig. 2B) , and lung (data not shown). Furthermore, TSC-22 expression is detected in the condensing mesenchyme of the tooth primordium (Fig. 2I ) whereas no staining is observed in adjacent sections which were hybridized with TSC-22 sense RNA (Fig. 2J) . Similarly, TSC-22 expression can be detected in the epidermis and the condensing mesenchyme of the whisker follicle, whereas it is not expressed in the invaginating ectoderm of the hair bud (Fig. 2K) . In contrast, hybridization of adjacent sections hybridized with a BMP4 antisense probe reveals BMP4 transcripts solely in the condensing mesenchyme of the hair follicle (Fig. 2L) .
